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SPECIFICATION 

1. TITLE OF THE INVENTION 

TEMPERATURE COMPENSATION TYPE ELECTRONIC TIMEPIECE 

2. CLAIMS 

Temperature compensation type electronic timepiece comprising: a 
highly accurate electronic timepiece having a temperature detected circuit, an 
A-D converter in which analog temperature information is converted into 
digital information, and a temperature information correction circuit for 
correcting the variance of the digital information; and 

wherein the temperature compensation type electronic timepiece 
further having a storage circuit which supplies a corrected value to the 
temperature information correction circuit, a logical circuit which generates a 
first and a secondary coefficient for the output data of the temperature 
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information correction circuit and temperature, a oscillation circuit varies 
frequency according to the output data of the logical circuit, and a frequency 
dividing circuit for performing logical speeding-up and slowing-down 
operation according to the another output data of the logical circuit. 

3. DETAILED DESCRIPTION OF THE INVENTION 
[TECHNICAL FIELD] 

The present invention relates to a highly accurate electronic timepiece 
by correcting frequency deviations due to a temperature of a quartz-crystal 
oscillator. 

[DESCRIPTION OF RELATED ART] 

FIG. 1 shows a block diagram for a conventional temperature 
compensation type highly accurate timepiece circuit. An analog information 
in proportion to the temperature in a temperature detecting circuit 103 is 
converted into a digital information by an A-D converting circuit 104. 
Thereafter, the temperature detecting circuit has the variance respectively, 
which is corrected by a temperature information correction circuit. With 32 
kHz quartz-crystal oscillator for the timepiece, since the secondary coefficient 
has greatly affect to the temperature, square circuit is formed by a pulse width 
modulation circuit 106 so as to vary the oscillation frequency of a crystal 
oscillation circuit. 

However, since the temperature information is feedback to the 
oscillation circuit as they are to perform a large capacity switching, the circuit 
becomes not stable, therefore, the wide-range temperature compensation has 
been difficult. Also, in the crystal, since a tertiary characteristic to the 
temperature is included, when the temperature is equal to or more than the 
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normal temperatures with plus or minus 20 degrees, the frequency deviations 
is increased, even the secondary correction performed completely. 

[PURPOSE OF THE INVENTION] 

The purpose of the invention is to perform stable, wide-range 
temperature compensation without the above-described disadvantages. 

[ABSTRACT] 

FIG. 2 shows a block diagram according to the present invention. 
The analog output of a temperature detecting circuit 207 is converted into 
digital information by an A-D converting circuit 206. An error of the 
temperature detecting circuit and an error of the A-D converting circuit are 
added to the information, so it is corrected into digital data as to each 
integrated circuit chip. This corrected value is written in a storage circuit 
202 composed of an EPROM (Erasable Programmable Read Only Memory) 
and so on temporarily, and the corrected data is stored in a primary and 
secondary correction circuit 203. After the data is converted on axial 
symmetry basis about the peak temperature of crystal, thereby, making 
primary and secondary corrections. The primary correction substitutes the 
tertiary correction. The high order 3-4 bits of the obtained binary data are 
led to a frequency dividing circuit 205 as they are to perform speeding-up and 
slowing -down operation. The low order bits is converted to the duty cycle 
of the output pulse as they are to perform switching a constant of capacity and 
a feedback resistor of an crystal oscillation circuit 204. By temperature 
compensation system, the highly accuracy under the wide-range of 
temperature can be kept when it is assumed that observed frequency would be 
an average value of the certain time (for example, 10 seconds). 
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[EMBODIMENT] 

FIG.3 shows an embodiment according to the present invention. A 
block 301, corresponded to a block 201 in FIG2, is a temperature information 
correction circuit. The followings are respectively corresponded to FIG.2, 
that is, 302 (corresponded to 202) is a storage circuit, 303 (corresponded to 
203) is a primary and secondary correction circuit of a quartz-crystal 
oscillator, 304 (corresponded to 204) is an oscillation circuit, 305 
(corresponded to 205) is a frequency dividing circuit. With the output form 
the A-D converter, the cycle is in proportion to the temperature as shown in 
FIG. 4. When the output is inputted to presettable downcounters 306 and 
307, signals having the pulse- width proportional to the numerical code 
defined in EPROM= 312 can be obtained. Here, by changing the numerical 
code, the inclination with respect to the temperature can be varied. At an 
AND gate 308, signals with 16 kHz and signals having pulse-width of 
(temperature) x (the numerical code) are added and the temperature 
information is converted into pulse number with 16 kHz. The signal is 
further led to the presettable downcounters consisted by 309-311 so as to 
perform the counting of the pulse number. 

Here, the down-count is operated, the pulse number is adjusted to be 0 
at the peak temperature of cryst al (the peak tem perature due to secondary 
characteristic of crystal) in EPROM 312. Further, as shown in FIG. 5, it is 
also adjusted to be the same temperature information at the point distant from 
the peak temperature by the same temperature. 

Next, when it is assumed that this information is n, in the quartz- 
crystal oscillator primary, secondary correction circuit 303, n is converted into 
n (n + k) in the temperature higher than the peak temperature and n is 
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converted into n (n - k) in the temperature lower than the peak temperature as 
described below. 

315 and 316 are program frequency dividing circuits. When the 
temperature information is n, they are operated as n frequency dividing 
circuits. In 319, both addition and subtraction of k are performed according 
to the output from a counter 311. Accordingly, 3 1 7 and 3 1 8 are operated as 
the frequency dividing circuits of (n + k) (n - k), in a comprehensive way, it is 
carried out an calculation of n (n + k), n (n + k). Since the square 
processing is performed in this calculation, original data is assumed to be m 
bit, it becomes 2m bits length. Thus, an AND gate 320 is provided for 
discarding the lower-order m bits and for taking out the higher-order m bits. 
The final data becomes as shown in Fig 6 and is converted into binary code to 
be stored in upcounters 321-324. the middle and lower-order bits obtained 
data controls feedback resistors 325 and 326 of the crystal oscillation circuit 
304 as they are to change the gain and perform the adjustment of the output 
frequency. Also, the high-order 3-4 bits of the obtained binary data are led 
to the frequency dividing circuit 305 as they are to perform logical 
speeding-up and slowing-down operation. 

Frequency - temperature characteristics by the present temperature 
compensation system is given by as following formula. 

f= 0(T-0 MAX)2 + r(T-0 MAX)3-A 

A = N1 X3.05X10-6 + N 2 /2m X3.05 X 10-6 

Here, 

0 : secondary temperature coefficient of quartz-crystal oscillator 
r: tertiary temperature coefficient of quartz-crystal oscillator 
Ni: high-order bit value of final corrected value 
N2: low-order bit value of final corrected value 
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0 max: peak temperature 



[EFFECT] 

As the effect of the present system, the following can be described. 
Firstly, by positively using a storage circuit, the increasing of area can be 
prevented compared with using the FUSE method. FAMOS (Floating-gate 
Avalanche injection Metal Oxide Semiconductor) is used as EPROM, and 
frequency dividing circuits provided inside are used for accessing these 
address. For this reason, when data is written into FAMOS, one high voltage 
applying terminals is enough by making last terminal to serve as the terminal. 

Secondary, the primary correction substitutes a simply correction of 
tertiary temperature coefficient of the quartz-crystal oscillator. In a 
temperature in the range of 0max with plus or minus 10 degrees, the tertiary 
temperature coefficient does not cause a problem, however, when the 
temperature in the excess of 0 max with plus or minus 20 degrees, the 
frequency deviations due to the tertiary coefficient is drastically increased. 
According to the present system, high accuracy can be maintained even over a 
wide range of temperature. 

Thirdly, frequency is corrected in the crystal oscillation circuit and 
the frequency dividing circuit. When the frequency is corrected only in the 
crystal oscillation circuit, the large capacity switching is required, so that 
electric power consumption of the oscillation circuit is increased and 
switching noise is mixed, which causes the circuit to be unstable. Also, 
when the frequency is corrected by speeding-up and slowing-down operation 
only in the frequency dividing circuit, correction timing is equal to or more 
than 2-3 minutes, therefore, when it is applied as a timepiece body, the normal 
quartz tester can not be used. According to the present system, correction is 
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performed in the both circuits, so that stable oscillation circuit, high accuracy 
over a wide temperature range, and easy maintenance can be realized. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.1 is a block diagram of conventional highly accurate electronic timepiece 
circuit; 

FIG2 is a block diagram according to the present invention; 

FIG3 is a circuit diagram showing an embodiment according to the present 

invention; 

FIG4 is a diagram showing a characteristic of temperature sensor; 
FIG.5 is a diagram showing an output characteristic of a temperature 
information correction circuit; and 

FIG.6 is a diagram showing an output characteristic of first and secondary 
correction circuit of a quartz-crystal oscillator. 

101, 204, 304.... crystal oscillation circuit 

102, 205, 305... frequency dividing circuit 

103, 207... temperature detecting circuit 

104, 206... A-D converter circuit 

105, 201, 3 01... temperature information correction circuit 
1 06. . .pulse- width-modulation circuit 

202, 302... storage circuit 

203, 303. . .first and secondary correction circuit of quartz-crystal oscillator 
306,307,309-311,313, 

314-318, 321-324, 330, 331.... flip-flop 
308, 320... AND circuit 
312...FAMOS 
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325, 326. . .MOS transistor 
3 27... inverter 

328 . . .quartz-crystal oscillator 
329... resistance 

Patent Applicant Kabushiki Kaisha Suwa Seikosha 

Agent Patent attorney Tsutomu Mogami 
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